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SOMB ATTEMPTS 70 OBTERMINE LONG WAVE POSITIONS
BY QUANTITAT.LYY MRANS
Jo Ro Gullok
Ues S+ Weather Bureau
Introduotion;

The existe:mwo uI lci, waves in the oircumpolar westeriies of the atmos-
phere has been :uvown for some years, and the importance of suoh broad soale
pettorns in determining the various weaiher regimes is well known. Knowledge
of the present and probable future positions of thess atmospherio long waves
is a valuable tool in preparing all foreossts exoept those of extremely short
range, and the number of foreoasters making daily use of long wave oonoepts
is steadily inoreasing.

The usual methods, and in faot the only known methods at present, foi
determining the long wave positions make use of qualitative considerations
or prooedures which are at best only ssmi-quantitative in nature. In most
oases this oan be dons satisfaotorily. However, situations often arise in
whioh the long wave pattern does not stand forth olearly, and at such times

there is disagreement among forecasters as to the number of waves, their
positions, and their future movement.

Sinoe the long waves are physical in oharsoter and since they are a
oomponent of the oontour sonfigurations on upper air oonstant pressure chearts,
it would seen possible to devise s quantitative method for determining the
positions of the long wave troughs and ridgeec on a given chart. The value
of suoh a method is apparent especially for those situations ia whioh the
long waves are masked by the presence of short waves of large amplitude.
Bven though & quantitative method might prove to be too time oomsuming for
applioation by all foreoast offioes, if s suffiociently reliabls method oan
be devised it should be feasible for a weather central to perform the oal-
oulations and distribute the results to other foreosst offioes by teletype.
With this objeotive in mind, various prooedures were deviced and tssted.

2. Methods:

As an initial effort daily graphs were oonstructed with eaoh graph
representing a three day mean of the daily oontinuity charts. These ocon-
tinuity oharts were oonstruoted by plotting ths mean height of the 500 mbd.
surface between latitudes 40°N and 50°N for each 10° of longitude from
110°E soross North Amerioa to 20°E. The use of mean oharts for determina-
tion of long wave patterns is not newe. Their wvalue lies in the fact that
short waves move muoh more rapidly than the long waves, and oonsequently
the short waves tenc to oancel out on a mean ohart. The Extendsd Forecast
Seotlion of the U, S. Weather Bureau has made nse of this method for several
years with oonstrustion of five day means a part of the regular routine.
For the purpose of this study it was deoided to use three day rathsr than
five day means. This was deoided fcr two reasons. Firast, the times lag
between the mean ouart and the ourrent one is reduoed whioh is obviously
an advantage to one engaged in daily forecasting. Ssoondly, there appcais
0o be a normal cycle of about thrers days for the passage of short waves
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across a given meridian. Consequently. it was believed that seleotion of
such a time interval would reduce the number of oooasions in which arn uneven
number cf chort wave ridge and trough passages would be imoorporated in the
mean graph - for example, two ridge and one trough or two trough and only
one ridge passages at any givon meridian.

Three day mean graphs of the type desoribed above were oonstruoted daily
for the period Ootober 9 to Deoember 19, 1951, and proved satisfaotory in the
majority of oasse. However, any suoh mean ohart based on fixed geographioal
coordinates is likely to bv inadequate and often misleading when the long
waves are moving at an appreciable rate or undergoing a period or readjustment
and ohange in wave number. Furthermore, it is oxsotly in such instances that
the long wave positions are most diffioult to looate from qualitative oon-
siderations.

Since the oiroumpolar westerlies ococossionally show a marked degree of
eccentrioity in respect to the geographio North Pole, a refinement of the
above method was attempted. The height of the 500 mb. gurfaece was tabulated
at the intersections of standard meridians with oirolee lying in the belt of
westerlies and ooncentrioc to the oiroulation pole rather than at interseotions
of the standard latitude and longitude lines. While this prooedure resnlted
in removal of some irregularities from the three day mean graphs, the improve-
ment was not sufficient to warrant reoommendati on of the methode.

Another refinement attempted was the use of a moving system of eocordimates
based upon the displacement of the loug wave pattern as ealculated from the
familiar Fossby equation. Thus each point of the three day mean graph was
oomposed of wvalues tabulated, not from the same longitude eaoh day, dbut rather
from three sucocessive longitudes having the same relative position to the long
wave pattern. For example in eomposing the three day mean, the value tabulated
from a point whioh lay in the oenter of a long wave ridge on the first day of
the period would have added to it wvalues tabulated on the two following days
a8t points whioh also lay in the center of the lonrg wave ridge, providing the
Rossby ealoulation oorreotly indicated the amount of daily displascement of
the long wave pattern. In praotiee this attempt was unsucoessful largely
beoause all portions of a long wave pattern do not move with the sawe speed
In order to remedy this situation the method put forth by Cressman! for
oaloulating the dieplacement of an individual trough was considered. However,
this method is more time eonsuming and is valid only when the long vave
pattern is well established and oonserved throughout ire periode Ccnsequently,
there is no hope for quantitative determination of the iong wave pozitions
froia these oaloulations whea the long waves ere in a period of readjustment,
and it is preoisely at sueh times that a quaatitative method is most needed.

In view of the above difficulties an entirely diffsrent apprcaoh was
decided upon ~ namely that of looating the short waves, caleulatiag their
amplitude, and subtraoting the short wave pattern from ths givon mep thereby
leaving only the long wave pattern. Short waves are progresuive, du:c the
displaocements usually involve meridional eomponents of oonsideradble mmgnitude
due to the general tendenoy of short waves to prooeed along the oonfizuration
of the long wave pattern. The height rise and fall areas associated with
the short waves often migrate into or pass from any ohosen latitude belt
thereby constituting another serious disadvantage in the use of fixed geo-

1Journal of Meteorology - February, 1949.
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graphiosl ooordinates. In order to overoome this diffioculity the use of a
fixed latitude belt was disomrcded, and e 500 wb. contour which passed scom-
Plotely around the hemisphere in unbroken [ashicn for several svocessive days
was selected. (In this case the 18,000 foot oontour was used)e The latitude
of this oontour was tabulated dailly for each 5 or 10 degrees of longitude,
and each day from these latitude wvalues were subtracted the values whioh had
been tabulated at corresponding meridiens on the previous day. The resulting
daily ohangez in lstitude of the contour were then plotted on a zraph of
latitude ohange versus long.tude. Comparison cf these graphs revocled the
daily progression and ohanges in magnitude of the wvarious risc and fall areas
whioh wers assumed to be essooiated with the short waves. (See figure 1.)

First day - coutzd line

8econd day ~ s¢lid lins

Suoh & graph shows oniy the nuzher of aegreer of longitude per day
orossed ‘by eash rise and fsll area. Actudlly meridiona! oomponents are also
iavolved in ike movement of such syaztems, and inm order to obtain the total
displacement par dey it was rneoersery tc weasure, along the oontour on the
500 mb. chart, the distance travsled by a rerticular rise or fall mazimum
in orossing .he mericians indicated on the greph. Thus the meridicral com~
ponents of movemnent were taken ivtc account, &nd the speed C of eaoh rise and
fall maximum was determinsd. Tho dji~tence (alln measured along tho contour)
from a rise (fall) maximum to the next upstresm fall (rise) maximum was then
jetermined. If we call this distause L, it followe thet the time, T, required
for one=~half of the short wave in question to pass a fixed point is given by,

T =~ L/C.

The Amp;itggo of a snort wave {. degrses of latitude oan be abtuineu
from tha formula®

A="4b 7T

in which T ia the time in days as defined abovo, and b is the aversge rate
at whioh the latituda ~I the contour !s changing, sxpréessed in degrees of
latitude psr day. The value of b, for eaoh rise ard fall srea appearing on
the graph of latitude ohange versus longitude. was determinel graphioally
as shown in Figure 2. The reotangles were drswn in suoh a manner that the
gum of areas ! and 2 was equxl to arca & in eaoh case. The altitude of

?Formulﬂ derived by Riehl.
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Figure 2

the reotangle was then read from the daily latitude change seale at the left
and the absilute value takea to equal be The amplitude ef eseh shert wave
trough and ricge was then caleulated by solving the formula A =4 b T for
each ocase.

Since 24 hr. tendencies were invelved, the map time positiens of the
short wave troughs and -idges were assumed to be loocated twelve heurs down~
stream from the oorresponding sero points on the latitude change versus longi-~
tude graph. These positions were approximated by noting the 24 hour eastward
displacemsnt ef each sere point and extrapolating ene-half of that displece-
ment. The ealoulated amplitude values were plotted at the appropriate longi-
tude en an amplitude versus lengitude graph and the peints connscted to give
the shert wave pattern. (8ee figure S.)
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Pigure 3

The resulting short wave pattern was removed from the map by tabulating
valuvs from the short wave graph for eaeh longitude and applying these
oorreetions to the original tabulatien of latitudes for the ecateur - sub-
tracting fer the shert wave ridges and adding fcr the troughs. The ocorreeted
latitude values were then pletted against longitude to find the shape and
positiens of the leng waves.

3. Results:
The case teo which this procedure was first applied was ene in whieh

the long wave pattern was olearly defined and undergoing little ohange.
Rsaults were satisfaeotory as indicated by Figure 4. Subsequently, the
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provedure was applied to a nuclsr of cases eelected from November and Dscember
of 1951 with varying results.

One ever-present diffioulty was trat arising fror the impossidility of
obtaining perfeot 6CO mb. mnalyses over Asia and the large ocean areas. £ oh
errors were often apparent in the irrezularity and failure of wvarious pacierns
to follow through from day to day on the latitude ohange versus longitude
graphe Reanalysis removed some of these unlikely patterns. In many oaseas
oonsiderable smoothing was necessary and was dono assuming symmetry of the
short wave pattern. Obviously suoh an assumption, although providing improve-
ment, is likely tc leave errors of appreociable magnitude, espeoially in regard
to the amplitude of a partioular short wave. Nevertheless, res=~onadble long
wave patterns wers obtained in nearly all oases in whioh the long waves were
undergoing no marked ohanges.

Far more serious than the problem of analysis were the ochanges of intensity
and in wave number of the long waves themselves. The tendencies appearing on
the latitade ohange versus longjtude graph involve ocomponents due to motion
and intensity ohanges of the ;gtt waves as well as the short wave pattern.

While thia was expected from the euteet, it was hoped that suoh ocompconents

would be small. In a number of instances the resulte indiocated otherwiee.
Figure 5 shows the very poor results obtai-ed from suoh a oase in whioh the

long waves were undergoing a ohange in number and amplitudes Reanalysis and
smoothing of the graphs failed to produce a satisfaotory result. Examination
of the latitude ohange versus longitude graph often gives rather obdvious
indioations of intensity ohanges in the long waves, and some allowanses oan

be made for this effeot. However, there is no method at present for determining
the magnitude of the oorreotion to be applied, and no suggestions for a rela-
tively simple solution have been forthooming.

One unexpected rosult, and perhaps the most worthwhile one obtained from
this study, was the indioation that the mumber of short waves existing at the
600 mb level at any given time is rather small - far less than the number
of low pressure areas appearing on the surface map. The daily mumber of short
waves as revealed by this study ranged from five to ten. While there was
usually some question as to the exact situation over Asia and some parts of
the oosan areas, the evidence indiocates that the above statemesnt is essentially
oorreot. Apparently there are many surface systems whioh are nnt assvoiated
with short waves at the 500 mb. level, or cther wave trains exist whioh are
too small in amplitude to be deteoted by the methods used to date.

4, Conolusions:

(1) Graphs representing thres-day means of the ocontimity ohart are a
valuable aid in determining the long wave pattern in most oases,
but must be used with ocaution, if at all, during periods whon
other considerations indiqate ~hanging wave number or oonsiderable
mcvement of the long waves.

(2) Mean graphs based upon en eooentrioc grid zhow some improvement
ovor thnge based upon a fixed latitude belt. However, the

improvement obtained in more than a month of oases atudied wue
.lishto
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(3)

(4)

(s)

A system using a moving rather than a fixed system of ooordinates
is desirable, but present computational methods for determing the
novement of the long waves are too restrictive in their applioca-

tions to be of muoh aid in oonstruoting three-day meens of the
oontinuity ohart.

Determination and removal of the short wave pattern in order to
arrive at the long wave pattern is often possilble but usually

diffioult due to areas of sparse data. Furthermore, the desired
results will not be obtained during periods of appreciadble ochange " A
in iong wave oconfiguration until some method is devised by whioh

the tendencies ocaused by the ohanging long wave pattern oan be
separated from the tendenoies caused hy the short waves.

Lkl T 4

The nuxder of short weves discernible by present methods at the
500 mb. level is far less than the mumber of surfase disturbances.
Therefore, it appears that many surface systems have no assooia-

tion with an upper level wave train, or additional wave trains of
very small amplitude exist in the atmosphere.

Whilo some quantitative method for determining long wave positions is

needed, no method haa besn found whioh maintains reliability during periods
of marked ohange in the long wave pattern.
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